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1. INTRODUCTION 


The objective of this program is to obtain engine performance 
data for estimating fuel economy and emissions for varied engine service 
and duty. The intent of this work, done at Bartlesville Energy 
Technology Center, is to provide basic engine characteristic data required 
as input for engineering calculations of fuel consumption and emissions 
involving ground transportation. 


The data acquired from tests of a 1978 Pontiac 151 CID engine are 
presented in this report. This engine was intended for use in a forty- 
nine state (Federal) vehicle equipped with automatic transmission. Pontiac 
uses the 151 CID engine in vehicles in the 3,000 to 3,500 1b weight class. 
The test results are sufficient to establish steady-state maps for fuel 
consumption and emissions (carbon monoxide, unburned hydrocarbon, and oxides, 
of nitrogen) over the entire operating range of the engine. 


2. ENGINE TEST PROCEDURE 


The engine tests setup included a complete mean tolerance engine 
(SAE definition) except that the fan was not included and a cooling tower 
was used in place of the fan and radiator. The alternator was included 
but was not wired into the engine's electrical system. Emission control 
systems included exhaust-gas-recirculation, early fuel evaporation, positive 
crankcase ventilation, and an oxidation catalyst. The manufacturer's engine 
specificiations are listed in Table 1. 


Prior to testing, engine break-in consisted of 40 hours of operation 
at various speeds and loads representative of normal operation. Table 2 
contains details of the break-in schedule. A single batch of unleaded 
regular grade gasoline was used throughout the break-in and test. A 
detailed fuel analysis is given in Table 3. Engine tests began on January 
24, 1978 and ended February 27, 1978. During steady-state testing, the 
engine was operated at the following speed/load modes: 


Speeds: 71,0002 F,500:°22000:72 500: 2.8002 3. 200-5.656008 
and 4,400 rpm 

Loads: 0, 10, 25, 40, 60,.75., 90, 100, pct of full Jload 
(0, 10, 25, 60, and 75 pct points were repeated 


for all engine speeds) 


Idle speed/load modes: 650 rpm -- 0, 10, 15 1b-ft 
550 rpm -- 10 1lb-ft 


Over speed point: 4,650 rpm -- 109 lb-ft (WOT) 


Total number of test modes. ....34 4 2. 52%... 68 
fotal numberof yepedtsin. ... igen. swan. 61 
Total snumber Of CES CS .02 cco pe eae es a ot 129 


The following data were recorded for each test point: 


Test number 

Date 

Barometric pressure, mm Hg 
Dew point, °F 

Inlet air temperature, °F 


Speed, rpm 
Torque, lb-ft -- Daytronic strain gauge load cell 
Fuel rate, lb/hr -- Fluidyne positive displacement fuel flow meter 


Ignition timing, °BTC 
Manifold vacuum, in. Hg 
Throttle angle, degrees 


CO, pct -- Beckman NDIR 
ae pct -- Beckman NDIR 
pct -- Beckman polarographic detector 
Ne ppmC -- Custom-built heated flame ionization detector 
NO,, ppm -- Thermo-Electron chemiluminescent detector 
Oil temperature, °F 
Oil pressure, psig 
Coolant temperature, °F 
Exhaust temperature, °F 
Exhaust pressure, in. H90 
Intake manifold temperature, °F 
Exhaust-gas-recirculation rate as determined by the intake 
manifold, CO, 


The following equations were used in calculating power, air/fuel 
ratio, absolute humidity, and mass emission rates of carbon monoxide 
(CO), unburned hydrocarbons (HC), and oxides of nitrogen (NO,): 


1. Partial pressure of water vapor in intake air (millimeters 
of mercury): 


3 7398.51 
P= €Xp par - wees 
where D = Dew point, °F 


2. Absolute humidity (arains moisture per pound dry air): 


4347 .8(P) 


wie bys 


where B = Barometric pressure, mm Hg 


3. Humidity correction factor (dimensionless): 


Kae = | 
NT Ss O07) 


Note: This factor is used to correct the NO, mass emission 
rate to a standard humidity of 7/5 grains moisture per 
pound dry air. 


4. Stoichiometric air/fuel ratio (dimensionless): 


x 
ap. =. Ose #2 Sy) 
: MWFuel 
where x = hydrogen-carbon ratio of fuel 


y = oxygen-carbon ratio of fuel 
Milfuel = fuel molecular weight per carbon atom 
= 12.01115 + 1.00797x.. + 167000005, 


5. Hydrogen concentration in raw exhaust (percent): 


4, = X(e0)KCO + (C0 
© TY 260 #93005) 


where CO = Carbon monoxide concentration (percent) 
CO> = Carbon dioxide concentration (percent) 
Note: This equation assumes a water-gas shift equilibrium constant 
(CO)(Hy0) 
(CO>) (Ho) - 


6. Correction factor for emission concentrations from wet basis 
to dry basis (dimensionless): 


ae fats (5)(CO + CO) - Hp 
we TOO 


Note: In these tests only HC is measured on a wet basis. 
All other species are measured on a dry basis. 


7. Air/Fuel ratio (dimensionless): 


NO 
x 
a AFS .. | (14+ 3 = y)(CO) + (2 + 5 = y) (C02) + 2(09) » ee 
- X HC 
ene Daa y COs CO» + Cy (s 7) 
wnere Oo = oxygen concentration (percent) 
NO, = oxides of nitrogen (ppm) 
HC = unburned hydrocarbon concentration (ppmC) 


8. Exhaust flow (pounds per hour): 
Mey = Me (1 + AF) 


where Me = fuel flow rate (pounds per hour) 


4 


Ho 


TO! 


1 


Wo 


Carbon monoxide mass emission rate (grams per hour): 


(te awh 6 GF ae 453.59237 
MWe ZCO + %CO, + C, (ZHC) 


molecular weight of CO (28.01115) 
molecular weight of fuel (12.01115 + 
1.00797x + 16.00000y ) 

Me = fuel rate in Ibs/hour 
%HC = HC(ppm)/10* 


Woo 
mc 


Unburned hydrocarbon mass emission rate (grams per hour): 


Mic (Hc) (n+) (cu) 
Muc = Me 70 + % %C0., a C, CORE ” 45325923) 
MWic = molecular weight of hydrocarbon 
=] 


ZOUILS tl 007 97x p16 00000, 


Oxides of mitrogen mass emission rate (grams per hour): 


MWNO,, ZNO, + Me 
Oc \ We) | | zCoe 400, + c,caucy] \1>2-°943? 
MWg, = molecular weight of NOp = 46.0055 


Power (brake horsepower corrected to a standard barometric 
pressure of 736.6 mm Hg and a standard temperature of 85° F): 


mp 2 NT) 736.6) ,/t_+ 460 
SOs) | re 7 545. 


engine speed (revolutions per minute) 
brake torque (1b-Ft) 

air temperature (°F) 

barometric pressure (mm Hg) 

partial pressure of water vapor in intake 
air (mm Hg) 


where 


VWet Ha 
tom ow wou 


3. JDTSCUSSTON OF TESTMRESULTS 


Maximum corrected brake horsepower, maximum torque, and brake 
specific fuel consumption (bsfc) are plotted as a function of engine 
Speed at wide-open-throttle (WOT) (Figure 1). The maximum brake 
horsepower produced by the engine exceeded the value quoted in Table 
1. The maximum torque produced was similar to the value quoted in 
Table 1 and was produced at the specified speed. Fuel rates were 
found to be nearly a linear function of power for all speeds (Figure 
2). Fuel rates were repeatable for all speeds duplicated. 


Air-fuel ratios are plotted as a function of power for all 
engine speeds (Figure 3). The air-fuel ratios were repeatable for 
most engine test modes. Additional tests were made at certain test 
modes due to the non-repeatability of the air-fuel ratios. The re- 
sults from the additional testing indicate that the modes are at 
critical operating conditions; thus causing significant differences 
in air-fuel ratios. 


Emissions of carbon monoxide (CO), hydrocarbon (HC), and oxides 
of nitrogen (NO,) are plotted as a function of power for all engine 
speeds (Figures 4, 5, 6). Emissions of CO and HC were effectively 
controlled by the oxidation catalyst at all speed/load modes except 
those at and near WOT operation. Emissions of NO, tended to peak at 
approximately 60 to 90 percent of maximum power at each speed and 
were repeatable for most speeds duplicated. 


4. CONCLUSIONS 


The experimental work to obtain engine performance data for a 
1978 Pontiac 151 CID engine has been completed, and these data are 
presented in the tables accompanying this report. 


TABLE 1. MANUFACTURER'S ENGINE SPECIFICATIONS 


Displacement,..cubic, Inches... cokes tee ees ld ous suc ers iil 
Maximum horsepower, bhp @ 4,400 rpm.............-. 85 
Maximum torque, [b-ft.@..2, 800mr pine cic gr ieiec. secu 123 
Bore..and strokes: TRCHES is. eI ea hee) 4.00 - 3.00 
CONFI GUAT TONG ceaAks Pete uli Ia teers crete. cece in-line 4 cylinder 
COMPVESSTON, PACTO. 62 o.oo -0ck ey ote lelosertet ee eer 8.37to =| 
PANING -ORGEN on eeracaretate «c's 6 avers ew ees ieee eee eR: ]-3-4-2 
Ignition timing at idle speed, °BTDC @ 1,000 rpm. 12 
BOGK* MAEM Tal ete ets n seen eve: ater om ener ne moire cast iron alloy 
Head Material fecscccnd ceaualeche il eaten eee cast iron alloy 
Number of crankshaft main bearingS......ccccceees 5 
Number of compression rings/piSton.......c-eceores 2 
Number Of, O11. PINGS/ DIS CON ah ces veces We cain ctrese ] 
CAM -APIVE GYDE snc: ccace > aseseie woes odes amis alee eee sae Ge ales anime 
Valve lift; 
Intake. ANnCheS .cs¢.054<0. san 02d ascent oasteocemm Oe UO 
EXhaliSiGs. IMCHNES: 2% cs 01s a's. 4%lectee- eeamionenel eee 0.406 
Valve timing: 
Intake, OPENS. BWC ccs ene siaec wena dere nrc ears a3 
Intake. cillosesis.” SABC 2.. s.cn tis oe suatraed netic ee Ol 
Exhaust, OpenS.g.. BBG. x vc ences aves @ pena 76 
Exhaust. closes.) CAIGs: to. owae nas, caeear ec osete 38 
Spank:-pluGg. gdp. INCHES A. sec aiewte ese oot ses 0.06 
Exhaust-gas-recirculation system: 
WaFIVE™ CY PO crane arasecua cea pense: Seseate a are ctisces out vacuum modulated shut- 
off and metering 
COmirol: SVOnad sot secce es ces. Se kesaass nese ... Carburetor vacuum 
Point Ot di SCharges:.ac ssc ses eee se Seas intake manifold 
Crankcase emission control: 
Control, Method, 2... 245 weet ee 6 6s Boe cee positive crankcase 
ventilation 
PORE OT CNS CHANGE. attests occa eateeanee . intake manifold 
Carburetor LVO@ eeu oss ore cd dak bak catisie isk Wig eye oce pene Reta 2V downdraft 


Distributor specifications :* 
Centrifugal advance, begins, ° @ 1,200 rpm.. 0 
Centrifugal advance, full, ° @ 4,400 rpm.... 20 


Vacuum advance, begins, ° @ 3.5 in. Hg... .... 0 

Vacuum advance, maximum, ° @ 9 in. Hg....... 20 
Carburetor NUMDOM. s2424.0 4.01 ces oneek ae eemees eee COO404S 
DIS CMTDULOP MUNDI. a ccc gancca kee abet ae sueceaiaie © herein 1103328 
EGR Val Ve AUMDEY 2 5c 6 vise sos ood oe orc dicdceciiore pee 7 a6 
Engine weight, 1]b....... ee te ere ee 350 


*Engine rpm, crankshaft degrees. 


TABLE 2. ENGINE BREAK-IN SCHEDULE 


Simulated vehicle} Engine speed, Intake manifold Fraction of time 
speed, mph rpm vacuum, in Hg _ in mode 


Mileage per cycle = 90. 
Total mileage simulated over 40 hours break-in period = 1,440. 


TABLE 3. FUEL ANALYSIS 


Tah oetcehe Ania wild aoa mn Re aN Se 7718 
Research. oCtane ;NOss cls ce:doc cones eieiens « 918 
Motor) octane NOsei von eeces ockleiee esis 84.0 
SPEGTETE iGVANAT YS. Gis che Ais skosentlos. etereee 0.717 
APL. gravity, -degrees. cad... soca ee ees, TOOY 
Distillation. oF: 
10' pet: evaporated se....0 05 :cseceees <c 123 
50 pct : svanave dah ananeveneteienarstomenece 209 
95 pct a WR ere Peer ainirted SAL 402 
T00 | pet “Oo, WE aes ean ale Eee tree 413 
Retd. vapor pressure, psi....... 9@a.2.., 1126 
FIA analysis, pct: 
AROMA CICS: 2c. a che se do vay ce hes Gaedexenue eee 9 
Olefins..... Ba eerie hcuabons hatte atone ee 15 
Padtaih FANS. ven so warom a oxen nee ecarer eta 76 
SUI FUR, NPCEaa. eo osaeaeo esas Ob. Ie Ree 0.016 
bead, grams per sqallion... ..a.<.. «sles Trace 
Hydrogen/carbon atomic ratio.......... 2.038 


i 


10 


CORRECTED BRAKE HP 


BSFC, 1b/hp-hr 


6 
500 1,000 1,500) 2,000, 25500 9 S000 Ss a00)) “A Ceeo eco 
ENGINE SPEED, rpm 


FIGURE 1. Brake Specific Fuel Consumption, Torque, and 
Brake Horsepower Versus Engine rpm at \lide- 
Open Throttle--Pontiac 151 CID Engine. 
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FIGURE 2. Fuel Rate Versus Power at Various 
Speed and Load Conditions--Pontiac 
151 €10 Engine: 
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FIGURE 3. 
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Air Fuel Ratio Versus Power at Various 
Speed and Load Conditions--Pontiac 
151 CID Engine. 
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CARBON MONOXIDE, grams/hour 


CARBON MONOXIDE, grams/hour 


1,000 rpm 22800 rpm 
2,500 6,000 
9,000 4,800 
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1,000 2,400 
500 1,200 
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FIGURE 4. Carbon Monoxide Emissions Versus Power 
at Various Speed and Load Conditions-- 
Pontiac 151 CID Engine. 
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HYDROCARBON, grams/hour 


HYDROCARBON, grams/hour 
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FIGURE 5. 
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Hydrocarbon Emissions Versus Power at 
Various Speed and Load Conditions-- 
Pontiac 151 CID Engine. 
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OXIDES OF NITROGEN, grams/hour 


OXIDES OF NITROGEN, grams/hour 


60 


30 


1,000 rpm 


2,500 rpm 


10 


20 30 


FIGURE 6. 
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Oxides of Nitrogen Emissions Versus 
Power at Various Speed and Load 
Conditions--Pontiac 151 CID Engine. 
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